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In part 1 a method is described how the nerve current iax of passively conducting nerves can be measured, iax is shown to be a quantitative measure of the receptor potential. For a known state of function of the photoreceptor iax can be used to calculate the resistance of the nerve.
Part 2 is concerned with the primary electrical reaction (receptor potential) of vision. Formulae are derived which allow to calculate 1. the quantity of absorbed light (input) ; 2. the charge flux (output). The ratio of output to input is the photo-electric efficiency rjq . With rjq it is possible to estimate the turnover of ions and energy of the transduction reaction.
Investigations of the primary reaction of photoreceptors (i. e. the receptor potential) require quantitative information about the electrical charge transfer associated with the absorption of light. Intracellular potential measurements *» 2 and, more recently, intracelular voltage clamp 3 > 4 or current clamp techniques have yielded valuable data on the electrical response of photoreceptors.
Extracellular measurements have also been applied for investigating the electrical photoresponse 5 . Yet in many cases, such as the measurements of the electroretinogram, the receptor potential is superimposed by secondary reactions of processing cells such as ganglia etc. The close vicinity of the origin of primary and secondary electrical reactions prevents the separation of the interrelated reactions. Some photoreceptors, however, offer the advantage of producing receptor potentials which are generated far enough from processing cells so that the reactions can be studied independently from each other 4 > 6 ' 7 . In these cases one can make extracellular measurements of the primary reaction which has the advantage of leaving the receptor cells uninjured by microelectrodes.
It is the aim of this paper to review the possibility of using extracellular measurements of the nerve current which are comparable in exactness to intracellular potential measurements. If these two methods were applied simultaneously they would represent an independent control of the proper functioning of the photoreceptor. With data of the photoreceptors such as the quantity of absorbed light (input) and the amount of charge transfer accross the receptor membrane (output) it is possible to calculate the photo-electric efficiency 7]q. It is the subject of the second part of this paper to derive formulae which are suited to calculate this quantity and to introduce a standardization which allows to compare various photoreceptors under the same state of excitation. Examples of the application of the derived parameters will be given in subsequent communications. 
where E0 is the potential at the source. For small losses along the length I of the nerve the condition: 
If care is taken that 0</?sh ^ Aax (i. e. by placing the wetted nerve over a sufficiently short air gap) (8)
If Rsh is determined -e. g. by applying a curtrent pulse i of known strength via R and measuring the resulting potential drop -the extracellular method essentially measures the current in the axon, iax eq 8. If, in addition the actual receptor potential E is measured intracellularly or is known (the saturation of E is usually close to 50 mV 2 ' 4 ' 12 ) then one can make an estimate of /?ax, by using eqs 8 and 9. In addition it is possible to calculate a limiting value for the membrane parameter Rm with relation 6 and eq 1. This quantitative extracellular method therefore yields not only a measure for the receptor potential but also an estimate for the nerve parameters.
In a subsequent publication the derived equations will be applied to discuss experimental data which were obtained at the photoreceptors of Balanus eburneus. The optical nerves of this animal are long enough to be particularly suited for the application of this method.
The determination of the photo-electric efficiency rjq
The photo-electric efficiency is defined as the charge flux across the receptor membrane (output) divided by the quantity of absorbed light (input).
Input and output shall be discussed separately and will then be combined to yield r\q .
The quantitiy of absorbed light (input)
The light absorption is proportional to the quan- 
Charge flux (output)
As a consequence of illumination of the photoreceptor an electrical charge q flows across the membrane of the receptor. It is
where i is the total receptor current due to light absorption. In voltage clamp experiments with two intracellular electrodes this current can directly be measured 3 ' 4 .
The current i is not directly measurable by single electrode intracellular penetrations or by quantitative extracellular measurements of the receptor potential E [V] via iax . In this case i in eq 11 has to be replaced by E/Re, where Re is the resistance of the receptor. Eq 11 becomes:
Typical values for the resistance Re (Q) of the photoreceptors of the Balanus eye or the Limulus ventral eye are 500 KQ to 1 Mß 3 > 4 .
In cases of simple geometry Re may be estimated from the surface area A and the specific resistance i?e [42 cm 2 ] of the receptor:
Typical values for Rl (not considering the infoldings etc) are 10 2 -10 4 42 cm 2 (depending on illumination 2 ' 3 ) which are similar in magnitude to values measured from the Loligo axon membrane 11 .
The photo-electric efficiency r]q (output vs. input)
The photo-electric efficiency of the receptors is obtained by combining eqs 10 and 11:
and using eqs 11 and 13: The author is indebted to Prof. FR.-W. SCHLOTE for a critical discussion of the manuscript.
